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H. L. Anderson~

:1. Introduction

A great deal of attention has been given in this Workshop t.
proton decay experiments. These experiments lock for a viclation of
barvon number 'B = 1, as precdicted by Grand Unificd Theories. Thoere
ace many experimerts searching for proton decay in decp rines and tun-
nels, all over th:z w rld. Scre are in progre:s. others expoeot toe stalt
operating soon, and although clear positive evidence is still]l lacwin.

11
4 2

'second generation experdinents are being actively prop.osed. A an
‘being followed with great interest for the evidence thev sihould provilde
abcut the validity and the nature of thero theerics,

There is anciber clasy of exjerironts which boars 0 the » .-
tivn dn oo dificrent wav, Thoeso alse scarcd for oo vioTatd

nuster, but with " = 0, With "F o= [ the spontane o 0onoorsd

meutren to an antincunren, nos 0, beoones posr iV ios In g ono oy

re

unificd theories the predicted rate of noo o0 versd s 4 wittin ol
ranye of expirimental poscibility,

To nv Fnewlcdpe, the first refesonce te the 6o - 0y o w0t
in a paper by Mo GolT Mann and Al Puih.lll entitic!, "Rl
tral particles urder charge conjupatden™.  Thoe procery ds Lllowe b own i
charge conjugation, but rogulres B ow 00 In 10750 bars v b o o
Fatlnn wias consfdered te be an Invielable properiy o natasre s U
Furlhcr Irplications of the process wore noet pursucd. Howovor, tha

L}
aper set the groundvork for ancother proces: dInvelvinge charnye cenne e

XY S
tion. uamely the process K0 K which can proceed s

vroa viclation o

Blrangeness conservation, 8 = 2, for which thore wore ne o establi-fiod
brvjudlce. The subfoct wais revived agaln fn 1470 by VA, Ku:'rln.:::
%’.‘n a paper under the title, "CP nen-fnvariance and the barven acersotns
pf the universe'. In this paper Ruz'min actually estirated the nisie,
;LQLJHML_nthyﬂ thot 8 measurement was feardbles _Howover, neoatterjt
TS AL O PR IR T
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to carry out such an experiment was made. The experimenta]ists got in-

131

high priest of Grand Unificativn,

to the act after S. L. Glashow,
"launched his campalgn to emphasize the importance and the challenpes of
experimgnts that would provide a realistic basis for these ideas. For
‘the n » 0 process he proposed an excension of SU(5) with a 6-ferrion
“coupling that would allow the annihilation of 6 quarks, or alternative-
1y, the conversion of_3 guarks_intec 3 anti-quarks. The diagrar f{ur
this process 1is shown in Figure 1.
. Glashow estimated an upper bourd for the interaction strenvcil o f
this coupling fror the lower bourd on nuclear stability., L2351 Thuae
with 7 = ﬁ/lO y and m semewhat larger than the nucieon Tar: we have,

— _:i

10 ev .

-1
1

Usdng the relatdion mo= o0 /N appr.priate tooa 6=0or o oo Thne U

urification mass turns cut e bhe M= 100 GoVL TR is om
15 . . . C .
than the valuce 1D GeV whic) chara terdres sir; o S0, ke
C,

the M 7 behiavier of the Interaction strenpth In the h-ror oo

it ds clear that if SoH purns cut toe be the orre U tia T .
for chserviny n = r will boe vanishinede erally bowovery ! o
.
cthor theordos o7 the Pati=falas tvro fn wio b
Faiss e”0 Tyres nalorat v S b dnrey e date vl o
Tars a¥u o Chara. terioni [ ST U A 1 N
] 1
o
Fooentdiey, 1 vant Marstae Tl rity [ H v
nosonopr.oo arises in g Mnatar M ow ST ! a
d /
|
1
! d
P 4 1
' .
'
]
_—m e m - R - -————

“

: T
o Figure 1 Anndhilatfon of 6 guarks according to Glact vl
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‘em———Takle 1_ Theories predicting proton decay_or n-fi conversion ____

Proton Decav n +n Theory

ves no GUT SU(5) type grand unified theory

i yes yes EUT "extended unified theory
[ no yes PUT ! partial unified theory
' no no 771 unified theory unknown

version Is complementary to proton_aécay In demonstrating which of rmany
:possible unification theories nature follows. The above chart, duc tc
?fﬁ?ﬁﬁ:ill"diéﬁléi?‘ﬁoﬁ'?ﬁ%‘ﬁﬁf%aﬁé'6T proton decay or n ~- n conversion
'experiments can help decide which of the thecries ripht have sore

validity.
v 2. Neutron-Antineutrun Cenversion

The physice dnvolved in the process no= 0owith "roe | v anlt 0 s

.0 S . .
,to the process K o« KV with "€ m 20 The neutr ooan! andtnoestr oo o oy
treated as menhers of & twe component svsten. Thoe ewvetor winlobory

start cut at t = 0 as a pure nedtron any Litude w2
time gues on, build up an ajprecdat ic antincutren a-plitades Tho Tl
availatle for the conversdon ds Ji-dto i b onoir oo bota w0

\

Al
ean 1{fc s 107 sevonds.

In the unperturbed case, corey dn e G oo et t .

re
-
'

the tine belavior of the sveter 0 doter-indd

vperat. T,

where Fofs ¢ eneryy of the free noutron w0 Can b a8

“
iresl mirs, the sare for noas for 0y ani ¢ ds the perturtati ooy
;throuph which the transitden n A procecds, Clasbow’s oot o,

Efm < 10“2l eV, emphasizen how srall the fnteractd o i
In practice, the encryples of noand Doarte met o eva iy the s b -
cause of the presence of the earth's magnctie fleliec Wo write b o

and recopnize that the magnetic moment, while the sasc fn g, itate,
| has oppesite signs for noand fi. Thus, the Hasilt wdas cporarer s

written




Eo + AE ém
Im E - LE
o

1f an n ~ N mixing exists, neutrons and antineutrouns arc no longer
elgenstates but can be expressed as a mixture of new eigenstates Ny and

n2.

n =n, cos: + n2 sir-

1

fi= —n1 sin: + n2 cosy

with tan2 = ém/"E.

In a neutron bear the new states chanee phasce with ti=e aoo rlin
te

nl(t) = nl(O) exp(-i[‘L/h\ .

n, (t) = n, (0 exp(-il e /1) .
L, and F, arce the eicenvalue: of cuorey G Ladned b i

1 2
matrix,

B 1/
. = + =T+ I '
'1 l“ ( R
) ) /
Vo= o= (rT 4 ")l B .
- O

Thus,

nig) = n](UW uxr(—illl/!l Cos oA Uy ey i= g )

The propability of an n - 6 conversion after o tise U od- oV iads,

caliulating the everlap of ©owith not) and seuarisy

Pn(L) = < nona) » T,

with the resulrs

)
. A" , 2 2.01/2 -t
Pﬁ(() - — — sin” [ (™ + 1) / t/A] ¢ .
e

-t
where the extra factor e has been added to tarke Into aceount tln

beta decay of the neutron,
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Table 2 Number of events in a plausible experiment

¢

T = 106 sec
me7x 10722 ev
- 1012 n/s

T= 107 sec

f = 50 meters, drift length

v = 2500 m/s neutron velocity
-2
t =2 x 10 © sec, drift timc

= 0.5
2 ] 2
"= R/EmT + AE“)I/

™
|

H N T
gauvss el s .
0.0 0 10° 2510°
0.5 3x107'7 2¢107% 1mia”!
1077 ex107?? 107 AT
o
We refer te - = W/'n as the miving time. Yor ¢ o= 10 70 (v,
-~ = 7 x ]05 seconds . e refer to - o= h/(-;: + 'E:)]/; a- o tha i
thon time. For T = L0 with H o= 0.5 wues, b= 30 1 07 O
$t= 2 x 10T secends.
The nunber of no» 0 oconver: i ot tod it g tin TR

T is,

wvhere
deteo

Table

= I'_(1Y T .
i

i~ the flux,
tlen officicenev.
“)

the nusbher of neutrons/: o e bear, an’

Plausible vialues pive the nusbhors

Viooo 7 dn

The drpertance of magnetle ficld shiieldine in the exjoron

shown in Figure 2.

culated Tor 2 thermal neutroes bear having a Maxwollian Jdicrribation
velocities correspending to a terperatare of 400K and

of 10 meters.

The relative conversion prebabilits

For this plot B d1 4s an invardant so the

have to be divided by 5 4f the drifu length [s 50 meters,

5een

neti:

that if the loss In conversion 1s to be kept

field intensity

. -3
must be kept below 1.2 x 10 piuns.,

Y U

adritt 1.

values

It can

belew 107, the

This

requires a rather elaborate mu-mctal shicld togetaer with current

i

1
LIS

Hp"lh
of B

be

LI
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| O S ' "
0.000I 000l ocCi Ol Xo]
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Figure 2 Iffect of magnetic ficld onn = 0 ¢ ornersdons T carve -
valeulated for a 10 moter drifit doneth and a Mavn Dlian Jie -
tri' ivden of velocities at T = 40080 Valuos ol o ti

ahscisca shoeuld be divided by 5 for a S0 roter Sritt lenctin,

carrving codls ot o buor ocut oresddant tiolde s AT wivo sy o0 U
sensitivity to magnetic ficid s that tho ofioot he o

a reliat i Vackeround rate ertat Tishod by Dplratdne witihooa tiolo b oy
0.1 Pl

3. Frporf-ontal Tirit

The n A process can oceur spontancecuslv in nacloar ratior o
glve raise o oa striking sipnature, the rolease ol 0 GV o fn coeres wion
the [ annjhflates with ancvther nucleen In the savc nuclous, Tihore i
an emfesion of 4-5% pirns on averaye, scic of which mav be - Wi ioh
escape absorptiop and decav te o Such ot Y decars have boen
looked for by Learned et “]_[4] and mere recent iy by (herry et al.,”
in deep mine experiments.  These experiments have boeen used e set a
limft of - IO]() vears for proton decay.  To the extent that the brangch-
ing ratlo for the productieon of -t in proton decay Is not very differ-
ent from that in A anndhilatdien, we can take the same Tifoetime to apple
to either type of nucleon Instabllity,

We can make 2 roucgh estimaty of this lifetdme by caleulating the
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transition rate using Fermi's Golden Rule,

2~ 2 dN
T = i |H| T
where the transition matrix element H = ém x an overlap integral, and
dN/dE is the number of final states per unit energy interval. Using

1 _

plausible values. a level spacing, (dN/dE)_ # ] GeV, a mixing tiimne of

6
10~ seconds, and taking the overlap between two nucleons in a nucleus

7]

to be of the order of 10_2 (Mohapatra and Marshak! estimate), we ob-
tain T-l - 7 x 1029 vears. Thus, an experiment on neutron-antineutron
conversion that sets a mixing time >106 second: will establish a new
limit for nucleon stability for this tyvpe of process.

Various estimates of the mixing time based on the experinenta’
limit for nucleon stabilityv have appeared in the literature. Althouyd
the formulas obtained mav be accurate enough, the results differ becausy

the parameters are not so well known. These estimates arc listoed in

Table 3.

It appears that experiments with a sensitivity : = 10 w. . l1d he
quite important. Because of the quadratic dependence o -7, a
sensitivity of 108—109 s would allow the experinuent to exl.ove the

hl

: 32 3~ ) .
stability of matter in the range 107 -10 vears, narelv oin tho recion

of the most anbitious prcjects to search for proton decav.

Table 3 Estimates of mimine tirc

Ref. Year Author : 'r:(b‘
2 1970 V.A. Kuz'rin - 107
3 1979 S.L. Glashow - 107107
7 1980 R.N. Mchapatra and K.F. Marshak 10 « 10"
8 1980 M.V. Kazarnovskii et al. 1030 v Zx]HT
9 1981 K.G. Chervrkin et al. 3x1030 v 3x1U7
10 1980 P.G.H. Sandars 107" 180107
11 1981 Riazzudin l()30 \ 3.\;1()b
12 1980 L.N. Chang and N.P. Chanyg ]()30 v 107

13 1980 R. Cowsik and S. Nussinov 103] v 5x]U7




4. The n-n Conversion Experiment

To observe the conversion n-n we arrange to have a large nurmber of
neutrons moving as slowly as possible within a long evacuated drift
space carcefully shielded from magnetic fields. The interaction of f
with the target produces a spectacular signature. The annihilation
reaction fin or fip occurs in the nucleus with a high cross-section and
results in the emission of 4-5 pions on average, and the release of
2 GeV in energy. However, to realize the full sensitivity neeced in
such an experiment, the utmost care must be taken in the design of the
detector so that it will distinguish, with a high degree of certainty,
annihilation events from the cosmic rav background. The difficuley
comes from the fact that if 1 event is found after 1 vear ef running,
we want tn be sure it is an annihilation event and nct causel by one of
the 1011 cosmic ravs that have traversed the detector during thie tire,
Moreover, the dctector must function almost perfecrly in the presence
of a large background cof the capture gamma ravs thar invaria>lv accon-

pany slow neutrons.

5. Annihilation Events

Although the annihilation events arce quite strirnine, involvins i
erission of 4-5 pions on average, their encrgy is in tlic range of eov-
eral Me\, appreciably Jower than the multi-CGeV particles that high
energy experimentalists have become accustomed to. The r st nass of the
charged picns accounts for a substantial fraction of the 2 Govoavailat 1
and since the prchability of a nuclear irteraction is high, much of the
energy geoes Into nuclear excitation and disintegraticn. A good doeteotor
will make this energv visible. Multiple ccattering i1s moere scricus with
these low energy particles, making it more difficult te reconstruct the
vertex.

The characteristics of the annihilation events are known in con-
siderable deteil from studics that have been made o' ‘p annihilations a:
rest. The branching ratios for the differeat modes f annihilation are

(14]

given 1in Table 4. The difference in the case of nn should he minor

because the same isotopic epin 1s involved in the initial state. In the
case of fip annihilation a different charge and 1sotoplc state is in-
volved and some difference in the charge composition of the pilons

[15]

emitted can be expected. The mean multiplicitics and energies of
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Table 4 Contribution of pionic states to Pp annihilations at rest*

Final state

Resonant intermediate

Percentage of all annihilaticns

state CERN Colushia
All neutral particles 6202 3.2 20,8
" 0.37:0.C3 0.32:0.03
* =0
“ ey 6.9 «0.35 7.8 «0.9
or 5.8 =0.3 4.1 =0.2
£Cn0 0.24:0.07
- 35.8 :0.8 34,5 +1.2
n-tr” 0.8 =0.1
. -
2-"a-" 6.9 =C.6 C. R =03
?2 . 2.0 =C.3
AXE 0.92:C.2
e -
et-"- 1.80:0.3
£ 60 0.12:2.1: C.a =2.3
s-To-T-o 196 7.7 16,7 -7 ¢
- &
e 3.0 =C.3 3.3 20,8
Lot 2.1 =0.2 0.7 =2.3
Ny 1.7 =000
::_‘ -_" 7.3 0.0
::_: . - 3.0 =€ P
B -- | e
- I [
- -7 l
.l O,x% - 0= C. 3
AT f 0.ii:l. i
. r‘_‘ f
!
] "1 -
2-T2- T NI N
rt=te" 0.11-7.¢02
- 2.1 =02 1.6 2
3-"23-7-0 1.0 -7 2 IR
_— . -
w2 1.3 20.3
na-tn-" 0.17:0.07
n'etn 0.0-:0.Cl
27 3- Ty 0.3 :0.1

*This table updates the one published by R. Armenteros and B.

French in

High Energy Physics, Vol. 4 (Academic Press,Inc.), New York, 1969, with
data published later by the CERN-Collepe de France Collaburation. In
quoting percentapes for resonance production, no corrections have been
made for decay modes not cccurring in the given final state.
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the pions for pp annihilations at rest according to a summary by

[16] are: +,0

Enstrom et al. < > = 5,02, <rt> = 3.06, <- > = 1.53, and

<Tn> = 234 MeV. The average number of charged pions according to

Table 4 is 2.95.
+

-

It is important to note in Table 4 that there are very few -
back to back events, only 0.35%. This makes it plausible to trigger on

a minimum of three particles. To do this effectively, the trigger

should be sensitive to the gammas from 7%, In the case of pp (fin)

annihilations, 3.6% have only 7°'s. 1In 7.4% of the cases one -© accom-

*o- pair, and in 35% of the cases the number of -°'s accom-

vanving the -+ pair 1s more than one. In all the remaining cases, the

panies the -~

number of charged pions is 4 or more, with and without -9 accompaniment.
In the case of np annihilation, there will alwavs be at least one -+ and
the situation 1is more favorable. There are also processes involving K
meson emission, but we cdo not list them here because all of these
together have a branching ratio of only &47%.

In practice the n annihilation will take place on a nuclear target.
For this reascn it 1is useful to consider the results obtained frowm a
study of 750 MeV antineutron annihilations in a heavy liquid bubble

(17]

chamber. Although the chamber contained 22% by weight of Br, this
accounted for only 105 of the annihilations. Most of the annihilaticns
took place in the Yight elements, 187 in H, 587 in C, and 147 in F.
Each annihilation gawve, on average, 2.8 —:, 1.2 - and 2.1 p. The nean
kinetic energy of the pions was E_ = 322 MeU, but es is shown in

Figure 3 the distribution peaks below 100 MeV. An appreciable armount
of energy (and momentum) goes to protons. The average energy is EP

= 88 MeV. Most of the protens would be missed in all of the detoctors
proposed so far. These indications underline the impertance of using

the lightest possible element for the target.
6. The n - n Experiments

One n - n experiment has alre-dy beeu completed. It was carriuvd

(18]

out at the Grenoble reactor and a report was given to this Workshop
last year. The experiment used one of the cold neutren beams that are
available at Grenoble. The conditions of the experiment were very
clean. The cold neutrons, with average velocity 150 m/s are bent
arcund a curved path by total reflection. They reach the detector

virtually free of capture gammas and fast neutrons. The flux,
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b 11IE entries

Figure ? Kinetic energy distribu-
tions a) for pions and b) pro-

tons obtained using 750 MeV n

04
in a heavy liquid buoble char.-
ber. The events of the fip typc
1 which were mainly on hydrogen

were excluded from the picen
plot. Solid lines: results
from a model; dashed line in
pion spectrum: distribution
for annihilations on free
nucleons.

0 ZiCi L. i CECI DY 1 11 dj imocey

howvever, 1is low, 109 neutrons/s s the seasitivity of the o opnris
lirited to a mixing tine of about ]06 socendss The el e
calorirmeter, a hodoscope rade of alternate lavers of o wmnd oo ion, -
lator. Although an extensive antdcedncidence sVicio acvais v oo
ravs was provided, all the events recorded woere presoo ! te b Gy
cosmic ravs, as runs with and without the raenciic ficld antowitd iy
reactor of f ghowed. The event rate, abeut 100 5or oy oo
distinpulshed from background and Jirdted the dotor-inatic of tha
mixing time to 1 1.2 x ]05 s with a 957 confidenoo Tevil.o Wit
“zero" background, this result could have been obtafved i Toer b
one day, and a limit cf 3 x 1(.'6 s could be set din 100 dave .

A ncw run is currently under wav with a preat?y drpr oy
arrangement . the calorimeter 1s now an arrayv of lirited stroaror
plancs, sandwiched between aluminum plates.  The lirited stressor
chambers have geod spatial resolution and allow reconstruction ot tha
events to check thaot thew ordginate fron the target. The Himicdd
streamer chamhers cover the reglon behind as well as in front of th,
target. Altopether, 90" of the solid angle for events orivanatinge
the target is covered. There are no results avallable at this time,

but the report is that the discrimination against the backyround has
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been greatly improved.

[19] The

A second experiment is currently being mounted in Pavia.
neuctron source is & Triga reactor. Although this reactor is only
250 kw, it is being adapted exclusively for this experiment. The full
area of the thermal column is being utilized, together with a long
flight path and & large target srea. As a result, a scnsitivity
T - 107 s 1s anticipated even though the neutrons will be at room
temperature and not cooled.

[20)

The oither experiments arce all at the proposal stage. Thew
a: mpt to exploit neutron sources of higher intensity te (xtend the
sensitivity beyond 107 s, possibly even somewhat ah.ve 108 s. Thesc
proposals require either substantial modification of the neutren source
and/or a more elaborate detector. Thus, these experiments, 1{ thew
come off at all, are scme vears down the vad. In considering their
relative merit, it is important to judye vhether the detector has suf-
ficieat power in fact to discrirminate aganinst background events well
enouph te achieve the "zero' backpround condition thar s aseured in

quuting sensitivity.

7. Detecter Problers

The detector will not operate projer]s o th. prosenoe o0 the oo,
fluses of fast reulrons and capture ¢ar=ma ravs that nor-alls ao.
the ;rodaction of thernal neutrons. The CGrencble sclutoon, ol oo -

trons and a curved bear patl {s the moest elegint but the loss of ng-
tron Intensity ds a major lrdtatien, The Grenoblo exjoriventors by
that a more .ntense bear of this tyvpe will be buiit ant that b Inore.. -
ing the length of the flight path as well)l as the arca f thy tareor iy
will be in a pesition (o ex.ecd 108 seconds dn sensftinvioy, Tho ther
proposals do not centermplate the use of noutreons colder than roos ter-
perature at this stage. In the evperiments using a nuclear reacter tla
neutrons are extracted over a large arca close to the core and care rast
be taken in the design of the moderator to reduce the fast nectron and
gamma ray fluxes that come from the core. This is denc by a suftable
arratgement of bismuth slabs within the moderator, altheugh 1t s hard
to do this without some loss in thermal neutron intensity. 1t helps to
place the detector as far away from the reactor as possible, {.¢., a
long drift distance. It also helps to use a thin target through which

wost of the neutruns and gamma rays in the beam can pass without
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interacting until they reach a beam stop far beyend. The target, of
course, must be thick enough to stop any of the antineutrons which mav
have appeared in the beam. This leads to a detector in the form of a
cylinder which surrounds the target and subtends as large a solid anil¢
around it as practical. Openings have to be left for the beam to entcr
and leave, to end up in the beam stop beyond. A series of baffles in
the drift tube upstream of the detector is used t. collimate the bear,
fto make it strike the target but not the inside wall of the detecter
around {t.

In the proposal using an accelerator as a neutron scurce, advantace
is taken of the pulsed beam. The time of flight of gar-a rave and fa-t
neutrons down the drift tube is very different from the 1w ther-a)
neutrons and allows gating the detector to respen’ onle to the 10w

neu.rons.

8. Cosrmic Ray Background

The probler of the cosric rvayv bachoreuntd s sore b tle, We W
. tod

to be sure that the one even’ we ray cee after 200 dee oF runnis, -

noet due to ene of the 1011 ¢. .+~ 1v rave that have tassc? throush o,
detector in that tire. Evon o with an c%%ective anti=-codngddonio o0,
to protect the detector apainst o arec ! particles dnothe o0 D0 v,
the uncharged particles, neutrens ane wide anglo brossstrat lans, ro

in sufficicnt nurber to cause plenty of ris Licf,

9. Detector (riteria

The successful detector must distinguish annibhilation frer oo g
rav events unarmbiguously, but it's hard te know how elaberate (and
expensive) a detector has te be to meet this requirement, It doc: U
best {f It measures as many as possible of the quantitics that (oo -
terize an annihilat{on event, namelv:

1) Spatial reconstruction that fdentifics a vertex at the tarcoot,

< Temporal reconstruction that shows the particles to be moeving

from the vertex, not toward {t.

3) Identification of each particle, showing that by charpe,

encrgy, and momentum, it is a likcely component of an annihlii-

lation channel.
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4) The multiplicity is that of a probable annihilation channcl.

5) The total energy 1s consistent with 2 GeV.

6) The total momentum 1s consistent with zero.

All deteciurs have limfited space. time, energy, and momenturm
resolution. 1In particular, since the annihilation takes place in a
nuclear target, not all the energy can be made visible, and some of the
momentum will be taken up by nuclear recoeil and remain unseen. Better
results can be obtained at preater cost by claborating the detector.,
The problem is to know what 1s good enough. TIn this the proposals
differ,

We have already seen how, in the first Grenoble esporiment, calo-
rimetry plus crude spatial resolution was avt encuch. Tt reraine o b
seen how the new arrangement which Incorporates greatly drproved <00l
resolution for reconstructing the vertex will viorx cut.  The otinr

experiments deal with the probler in different wav ..

10, Summary of n - n Ixperiments

platod an th

Table 5 summarizes the neutron sources uscd or conter
experiments. Table 6 summarices the detector characteriatios,  dabio 7
summarizes the madn pararcters of cach exjori-ont, pivie the Voo

hacrground sensitivity for o 200 dav run at 90 contidfon o lon .

11, Omega West Ixperisent

As an example of 4 proposed experdiment whooe eserintien b ot
been given before, T give an overview of the laveout and decion o tin
Los Alamos Omega West experiment.  PFPlgure 4 shows the pencral lacut.,
The Omega West reactor lies at the bottor of a narrow canven.  The Ho
meter drift tube extends acrose the canvon, with th  detoctor bhaildin
cut Intu the canvon wall. A uscful amount of cosric rav ohileidine §.
provided thereby, Fipurce 5 shows some detall at the reactor.  Insildy
the reactor building the drift tube 15 24 {nches In diameter and
shiclded with iron plates to keep the radiatfon lTevels down in the
vicinity of the reactor. Figure 6 shows how the detector buflding f.
set In the rock of the canyon #2all. Tt also shows the Tayout of the
detector and the beam stop. Fipure 7 shows how the devector {n st
inside {ts bulldiag. The overburden on the roof of the bullding pro-

vides shielding apainst the neutrons fn the cosmic ravs coming rom
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Table 5 Neutron Sources

Grenoble: 57-Mw Reactor: cold neutrons 25°K
curved beam guide 20 ecm x 3 cm
low vy, low fast n
¢ =107 n/s T =160m/z )= 20R

Pavia: 0.25 MW Reactor: thermal neut_ons

Area 1.2 m x 1.2 m Bi+lfaraffin moderat.r

P w2 x 1011 n/s at target

Oak Ridge: 30 M Reacior: thermal ncutrons

Area 1400 cm2
. . 13 2 .
vo= 5 %10 n/s at 1 £7 tarect at oo

12 .
= 7 x 1C n/s at targcet witl, bBis>

mederater

Tos Alan o= TAMTF: Proton Linac 3R0D . A

Heavy Metal otea- Stop, Do oroderaor

. 12
= /-4 x 10 n/s therra? noutreoss

(1 m target at 30 )

Toe Alamce Qreza Woeet: E Mo Reactor:  thorra! o e

Channel tanveit to cer

- 3~ ]HH nde (1.5 v tar..ot ot

Clali River: 110 Mo Reacter: ther ol roatrone
channel tanyent to con
=1 x 10" n/s (1. r tartaot at
N .
&rl‘n-‘!-lt' Il Cuide arca 100 ¢=", = 10 A

12
=1 x 10 n/s (1 r taryer gt e

avove. Figure B is a longltudinal sectden of the dotector. A ore, -
sectional view of the detector near {ts central repion s shown in
Figere 9. The arranpgement of the counters at the ends fo shows In
Figure 10. The baffling along the drift tube {x sbo .o In Jigure 11,
The detector surrounds a 6 foot (2 acter) diascter thin beevlid -
target inside the drift tube, The drift tube at this locatfon ‘s a

6 foot diameter avacuated aluminum tube fitted with o mapnetde ohib 1.
The detector {f made enti~ely of liquid scintil'ation counters coplaed

(21}

from the design of K. Lande, et al, in thedir Homestake Mine



-16-

Table 6 Detectors

Grenoble 1: Pb scincillator calorimeter
760 kg 10% active. Acceptance 25. of 4~
Thick target 6LiF

Grenoble 11: Limited streamer tubes + Al plates
Tracking calorimeter. Acceptance 957 of <

Thick target 6LiF

Pavia: Pb-flash chamber tracking czlerinmcter
65% of 4~ acceptance
Scintillator hodoscope + resistive plate
chambers for trigger

Thin targct © or Be

Oak Ridpe: Pb-glass Cerenkov counter + scintdllation
countcr hodoscope
90" of 4- acceprarce
LAMPY: Time of flight aad trackling chn bhers
Temporal + spatial reconstruction
93, of 4~ acceptance

No calorimetry

Los Alaros Omega West: Tawn ~T fHpht + caiorisetry: usin, i

scintillator
957 of 4~ acceptance

Checks momentun batance

proposal to study proton decav. The liquid scintillatoes is held dn
polyvinyichloride ('VC) containers 26 feet long, 1 foot by 1 foot in
cross sect fon.  The scintillators close to the drift tube are 6 Inches
by 6 inches in cross section. The sedntlllators are viewed at each ond
by 5 inch hemlspherical photomultiplicrs. These scintillators have an
attenuation length of 8 meters and a time resolutdon (measured) of 3 one
FWHM. A 4 foot gap acparates the fnner ring of scintillators from the
innermost of the outer rings of scintillators. Thus, by time of f1i:ht
measurements it becomes possible to tell whether particles are moving
from innlde out or from outside in. The full array of scintillators s

used for calorimetry. The scintillators make visible B4Z of the encrypy

deposited. A large fraction of the charged plons are stopped within



Table 7 n -+ b Experiment

3
w=(t/3)" '
t= /v T=1.71x 100 s (200 d)

T = 107 s

drift drife neutron  Firure of  dotection no. events sensitivity at
lengih time flux_ _ Merit efficiency for T=10° s "zero" background
b ]
: t=:/v ' | 't Tmin
Experiment m s ns ns r - 90Z CL
s
-3 9 3 - 6
Grenable 11 h Ix10 10 D10 0.55 0.054 1.5x10
Pavia 14 71070 'l la0? n.50 1.3 0.7x10°
- 9
Na,. Ridge an Rx1n 3 6!10'1 310 N.50 215. lxlﬂs
= g 3
(with 3i-2,0 axtn'® acto” n.50 29, ax10’
moderator)

LAMPF , [ 7 7
(prohahle) i T4xInTT 2+10 110 0.50 V4. 4x10
fpnssible) avin!” T n.50 ns. sx1a’

— A
N=eza “est In 231N 1x|n|| 1.9« 0.0 13, ZxID7
- » ‘
Crennhle 11 35 a~10 ° !nl Rx)n' 0n_50 7tn), 1.7x108

-LI-
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the detector by nuclear Interaction.  Sipce the nuclear disiotegration
encrpy is recorded by liquid kcintillator, the rest mass of the plon j-
included in the energy measurement. Morcover, since the dire tion of

the particle 1s measured by time of flipght it 4s possible to deternine
the mcmentum from the enerpgy measurement of cach of the particles that
fall within the acceptance, which fs 95% ., The caloriveter s made

thick enough to contain a large fraction of the electromapnetic enorpy
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Figure 7 Detector building, cross-sectional view with the detector
in place.

from the n©°'

s. The scintillators are thick enough to provide a useful
means for discriminating against capture pamma ravs. The encrgy de-
posited by jonization in 15 c¢m of scintillator is about 27 MeV, much
higher than the maximum possible, 7 MeV, from the capture gamma ravs.
With a capture gamma ray flux <108 s-l entering the detector, pile-up
1s not a seriopus problem and a rimple discriminator at each photetube
will make the detector rather insensitive to the capture gamma rayvs.

The time of flight capability is used to veto cosmic rayv events.
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SECTION A-A

SCALE M mssmss )
o 5 10 20 FEET

Figure 9 C(ross-sectional view of detector in central repien.

A veto 1s provided whenever the time of flight measurcrent clearly

shows that there is a particle moving toward the inside of the detect.or.
The spatial resolution of this detector, without the use of chamber
planes, 1s about 30 cm. This should be sufficicent to demonstrate by
spatilal and temporal reconstructicn that the event originates near

the target and that energy and momentum balance as well as multiplicity

corresponds to what 1s probable from an annililation event.
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SECTION B-B
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Figure 10 Cress-secticnal view of end counters.
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